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[57] ABSTRACT 

A high speed CPU/sequencer for use in a video game 
provides multi-channel binary output for display con- 
trol purposes. The CPU/sequencer includes a macro- 
section that is user programmable with macro-instruc- 
tions and a micro-section that is user programmable 
with micro-instructions. The CPU/sequencer is respon- 
sive to display information provided by a game micro- 
processor during a brief handshake period and carries 
out display computations independently of the game 
microprocessor, at higher speed, and using larger bi- 
nary data words. 

8 Claims, 19 Drawing Figures 
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consisting of permissible macro-instructions. Each per- 
HIGH SPEED CPU/SEQUENCER FOR VIDEO missible macro-instruction will activate a sequence of 
GAMES several micro-instructions comprising one of the fixed 

BACKGROUND OF THE INVENTION < microprograms. The user cannot, however, change the 
BACKGROUND Or THE INVENTION 5 microprograms to optimize a microprocessor for the 
This invention pertains to the display of a multiplicity particular use to which it is to be put. 
of moving objects on a raster scan display during the Existing microprocessors are consequently insuffi- 
play of an electronic video game. More particularly, ciently fast and flexible, and have insufficient parallel bit 
this invention relates to circuitry for inexpensively pro- capacity, for controlling high resolution video game 
ducing signals for controlling the display of a large 10 display functions. 

number of objects on a color TV monitor in a game The present invention is accordingly directed to cir- 
controlled, for example, by a microprocessor. Even cuitry for a high speed processor means for generating 
more particularly, this invention relates to flexible, user- video display signals in response to video display data 
programmable cu^^ provided by the game microprocessor. The micro- 

cal and arithmetic operations related to such displays. A " processor data may be quite general in nature so that it 

^T^^ aPPhCa ™ n , by ^ C T^"™*"' ^ UtU ? ^ * transmitted to the high speed processor during 

^^^ser^splayCircmtry for VideoGames », a bricf ^dsh^ pe H od ^oHo each picture of a 

hasbeen been concurrently executed and filed. raster scan display. picture oi a 

The approach taken earlier in microprocessor-based ^ * . _ 
video ga£e displays has been to create a memory map 20 Thecircuitry ^may beof very general apphcaUon. The 
or "bif map" by writing into a memory information """f** r ^ ultS Pfrt from the limited need for com- 
defining an entire frame to be displayed, as discussed in munjcat ^ n ^ «am« controller, eg., the afore- 
Giloi, W. Interactive Computer Graphics. Englewood mcntloncd preprocessor and the high speed proces- 
Cliffs, NJ. t Prentice-Hali, 1978, pp. 249-256 and in U.S. sor mcans * **** dkplay circuitry thereby operates sub- 
Pat No. 4,177,462 issued to Chung. Chung attempts to 23 stantially independently of the game details, 
liberate the game microprocessor from the arduous and For «™pte «* concurrently filed application by 
very time-consuming task of preparing a memory map. mc samc inventor (identified above and incorporated 
He is thereby able to achieve a substantially improved herein as though quoted in full), the only game specific 
capability for displaying and moving substantial num- portion of the display circuitry is contained in the per- 
bers of objects on a screen by the use of dedicated game 30 manent memory which contains the representations of 
display circuitry. Chung's proposal does, however, the objects that are to be displayed. The game micro- 
continue to impose severe constraints upon the game processor, consequently, need only supply during verti- 
inicroprocessor. Chung permits game control informa- cal blanking the identities of the objects to be displayed 
tion to be placed in a permanent memory associated and coordinates defining the display positions and 
with the game display circuitry, thereby requiring ex- 35 widths of the objects to be displayed. Further indepen- 
tensive communication between the game microproces- dence is achieved by providing different means for 
sor and the display circuitry. Furthermore, he requires clocking the inicroprocessor and the display circuitry, 
that both the game microprocessor and the display although it is entirely feasible to run both ofT a single 
circuitry operate synchronously off a single clock. The basic clock, 
game microprocessor must become inactive during all 40 

communication periods and therefore time is taken or SUMMARY OF THE INVENTION 

2?~2ZZl h L^ micr °PJ ocessor ; $ f avai ^le time A specific construction embodying principles taught 

rh„^ 8 «f me -^ c " lcd ^nutations. Finally, by the invention operates as a component of an embodl 

Chung s proposal requires the use of content address- ment nf th( . n ,JZn) Th,rrw rM«o. v o;^,,;^ 

able memories which are highly specialized, and there- 45 Z ? / Gener^Purpose Display Circuitry for 

fore expensive, devices. Vld *° m ^orementioned concur- 

Chung's proposal makes use of specialized display ™ tly . f,lC * a PP |lca .^° n - ascribed therein, the dis ; 
circuitry. High speed general purpcTcomputers have f* y Ptoyidcs n^Jor timing and control of 
also been used with peripheral graphic display systems ? C * WCCp ' C ° Ior ' and blanking on a ra?ter scan 
for visual simulations, as discussed in U.S. Pat. No. 30 dlsp,ay mon i tor . A sln « Jc dw P la > r on the momtor ^ 
4,053,740. Specialized display circuitry suffers the dis- comprise 4S0 horizontal lines in the described construe- 
advantage of the inherent inflexibility of hard-wired Uon ' Each honzontal lin « * divided for control pur- 
systems. High speed general purpose computers are ***** lnto 512 discrete adjacent parts, known as pixels, 
inherently flexible, but are far too costly, bulky and T" c d,VKlon into P" cls * onlv conceptual; horizontal 
complicated for use in arcade or home games. 55 linc ^""""K t> v *e momtor ordinarily results in an 

Programmable general purpose microprocessors essentially continuous line, 

offer flexibility and reliability, thereby suggesting that a A display includes two interlaced frames, each 

dedicated microprocessor would be desirable for per- comprising a vertical sweep of the monitor face. The 

forming display functions in a video game. Available first frwne displays the even numbered lines, 0-476 and 

general purpose microprocessors do not t however, 60 the first one-half of line 478. The second frame displays 

have the speed and parallel bit capacity to handle high tne second half of line 1 and the remaining odd num- 

resolution displays. Presently available 8-bit micro- hered lines through line 479. Each frame occurs in a 

processors can output data at a maximum bit rate of time lapse of 15.2 ms., followed by a 1 ms. blanking 

about 7.5 MHz per channel. Microprocessors with period, which will be referred to as VBLK. The raster 

larger parallel bit capacity are slower. 65 thereby presents approximately 30 displays per second. 

General purpose microprocessors also have fixed Higher resolution displays, having more vertical lines 

microprograms for operating associated logic gates. and more pixels per line arc also envisioned by the pres- 

The user of such a microprocessor will write programs ent invention. 



08/20/2004, EAST Version: 1.4.1 



4,597,043 

3 4 . . 

Each horizontal line is swept in a horizontal sweep object ROM on every eighth count of the horizontal 

time of about 51.2 microsec., followed by an approxi- pixel counter. Each grouping then provides 4 bits of 

mately 12.2 microsec. blanking period, which will be color/intensity information for each of the next eight 

referred to as HBLK. pixels. 

The display circuitry, in the specific construction, 5 Use of the CPU/sequencer in the embodiment obvi- 

controls three color gun amplifiers and an intensity ates the need to provide a map of an entire display 

amplifier which, in turn, control the monitor display. between displays. The CPU/sequencer causes an A- 

The display circuitry also provides a clock, vertical and control section of the display circuit to load a RAM RC 

horizontal counters, and sweep and blank signals for the and a RAM RD in the display circuit during each line 

display monitor. The clock provides an approximately 10 drawing period with data for each object to be dis- 

50 ns. square wave. played on the next horizontal line. The data in a specific 

Objects to be displayed during the play of a game are construction consists substantially of horizontal starting 

coded into an object ROM in the display circuitry. The pixel numbers written into the RAM RC and 12 bits of 

objects coded into the ROM are not associated with any ROM address information and 4 bits of width informa- 

particular screen positions. It is a function of the display 15 tion written into the RAM RD. A control CA in the 

circuitry in cooperation with the CPU/sequencer of the A-control section issues a sequence of "writes" during 

present invention to place particular objects at particu- HBLK which causes fast transfer of data from RAM's 

lar screen locations for each display on the monitor RC and RD into, respectively, a RAM line buffer and 

face. The game microprocessor provides data signals RAM RE, also in the display circuitry. The RAM's RC 

comprising the ROM addresses of objects to be dis- 20 and RD are loaded from the input RAM RB. 

played, initial display positions of each object, and the The game microprocessor does not have to provide a 

width and height of each object. The data signals are complete map of the display and is therefore free to 

stored in an input RAM RB which is accessible to both devote most of its time to game control functions. The 

the game microprocessor and the CPU/sequencer. The game microprocessor need only identify the objects to 

data signals are transmitted from the game microproces- 25 be presented and their screen locations during VBLK. 

sor during the VBLK period preceding each display. There is therefore no great burden upon the micro- 

The CPU/sequencer is thereby provided with the processor in handling large numbers of variable size 

screen location of each object to be displayed during objects. 

each display on the monitor face. The CPU/sequencer The specific construction described herein is de- 
functions as a second microprocessor means dedicated 30 signed to manipulate up to 32 objects at a time. The 
to display functions. It processes the data signals in limiting factor is the speed of the CPU/sequencer, 
order to provide video display signals to the display which is governed by the basic clock rate. The speed 
circuitry. The sequencer comprises high speed circuitry could be increased by an order of magnitude by use of 
enabling the control of a large number of objects on a a different technology than used in the present specific 
high resolution screen. As an associated feature, the 35 construction, e.g. emitter coupled logic. The limitation 
sequencer outputs simultaneous control signals on a to 32 objects is therefore not inherent to the invention, 
large number of channels at a high data rate, 27 chan- Persons skilled in the art of video game construction 
nels at about 20 MHz in a specific construction de- will therefore appreciate that one object of the present 
scribed herein. invention is to provide a substantially self-contained 
The CPU/sequencer in the specific construction de- 40 circuit which can economically control the display of a 
scribed herein comprises a logic means, a macro-section large number of objects on a color video screen, 
including a ROM coded with macro-instructions, and a Another object is to provide control circuitry which 
microsection including a ROM coded with micro- substantially frees the game microprocessor from dis- 
instructions. The micro-instructions are executed at the play duties and thereby permits the microprocessor to 
20 MHz clock rate, each said micro-instruction control- 45 devote its time to game-associated computations, 
ling the state of 27 binary data channels. Each macro- Other objects, advantages and features of the inven- 
instruction causes the execution of a sequence of micro- tion will become readily apparent from the following 
instructions. The macro-instructions are executed in detailed description particularly when taken in conjunc- 
sequences dependent upon the data signals provided to tion with the accompanying drawings. 

""ST^ micro- instructions may be adapted " BRIEF DESCRIPTION OF THE DRAWINGS 

to the particular display circuitry incorporating the FIO. 1 is a diagrammatic illustration of the major 

CPU/sequencer of the present invention. The instmc- components of a preferred embodiment of a CPU/- 

tions are, in that sense, user programmable. sequencer for use with a display circuit for a video game 

The teachings of the invention may, consequently, be 55 in accordance with the present invention; 
embodied in a CPU/sequencer which is provided with FIG. 2 is a circuit diagram of a specific construction 

a beginning line number and beginning horizontal pixel of the clock with disable section of the CPU/sequencer 

number for each object to be displayed in the course of shown as a block in FIG. 1; 

a single display. In a specific construction the CPU/- FIG. 3 is a circuit diagram of a specific construction 

sequencer determines at the beginning of each horizon- 60 of the timing-reset section of the CPU/sequencer 

tal line displayed by the display circuit whether the line shown as a block in FIG. 1; 

lies within the vertical line range of any currently dis- FIG. 3A is a timing diagram showing timing pulses 

played objects. For each such object the display cir- on lines shown in FIGS. 2 and 3 corresponding to a time 

cuitry needs only the starting horizontal pixel address period during which the timing-reset circuit of FIG. 3 is 

on the current line. Immediately after a counter counts 65 enabled; 

to the value of the address the display circuitry, syn- FIG. 4 is a circuit diagram of a specific construction 

chronously with display of the line on the monitor, of the macro-sequencer section of the CPU/sequencer 

sequentially latches four 32-bit data groupings out of the shown as a block in FIG. 1; 
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FIG. 5 is a flow diagram showing schematically the to one of the macro-instructions in the macro- 
contents of the ROM A shown in FIG. 4; sequencer. Each micro-instruction is made up of the 

FIGS. 6-1 through 6-3 show a circuit diagram of a data at a single address in the micro-sequencer ROM. 

specific construction of the micro-sequencer section of The micro-instructions are analogous to the machine 

the CPU/sequencer shown as a block in FIG. 1, related 5 language instructions in a conventional computer as 

as shown in FIG. 6-4; described by Chapin. 

FIGS. 7-1 and 7-2 show a circuit diagram of a specific Each micro-instruction controls the read/write of 
construction of the input RAM RB section of the RAM memory in the display circuitry and of input 
CPU/sequencer shown as a block in FIG. 1, related as RAM RB 20 in the CPU/sequencer. The micro- 
shown in FIG. 7-3; 10 sequencer instructions also control an arithmetic logic 

FIGS. 8-1 to S-3 show a circuit diagram of a specific unit 22 and the sequencing of the instructions in the 

construction of a sub-section of the CPU/sequencer of macro-sequencer 16. The game microprocessor com- 

the ALU section of the CPU/sequencer shown as a municates directly with the input RAM RB 20 and 

block in FIG. 1, comprising an ALU, an A-latch, and a places display information into the input RAM RB 20 

B-latch, related as shown in FIG, 8-4; 15 during the brief "handshake" interval of the vertical 

FIG. 9 is a circuit diagram of a specific construction blanking period, 

of a sub-section of the CPU/sequencer of the ALU It may be seen, consequently, that the CPU/- 

section shown as a block in FIG. 1, comprising a C- sequencer comprises in effect a microcomputer dedi- 

latch and associated logic circuits; and cated to perform display circuitry functions. Unlike 

FIG. 10 is a schematic diagram of the contents of the 20 microcomputers, however, the CPU/sequencer may be 

input RAM RB shown in FIGS. 7-1 and 7-2, after up- programmed at both the micro- and macro-level by the 

date by a game microprocessor. game designer. Game or display variations may also be 

DETAILED DESCRIPTION OF A PREFERRED im P lcmcnted . rCpUcin « the R ° M 1 S in 

EMBODIMENT the macro-sequencer 16 and micro-sequencer 18. Fur- 

23 thermore, unlike conventional microprocessors, the 
The schematic drawing in FIG. 1 illustrates by way CPU/sequencer of the present invention may have an 
of example the functional components of an embodi- arbitrarily large number of output channels simulta- 
ment of the present invention. It should be understood neously controlled. Thus, the embodiment exemplified 
that the particular embodiment shown is intended for in FIG, 1 simultaneously controls 24 bits of output. The 
use with the general purpose display circuitry for video 30 embodiment exemplified in FIG. 1 is further distin- 
games of the concurrently executed and filed applica- guished from conventional microprocessors in that it 
tion. In the example shown ther e is a game micro- may run at a very high clock rate with the micro- 
processor that performs calculations responsive to sequencer thus putting data on its 24 channels simulta- 
p kyer input and generates data governing the di splay. neously at each rise of the clock signal from the clock 
That is, the output ot the game "microprocessor tolfie 35 with disable 10. The clocking rate in the instant embodi- 
display circuitry determines which of a selection of ment is MHz. 

object images are to be displayed, and what the display Other features distinguishing the CPU/sequencer of 
positions are to be on a game video screen. the present invention from prior art microcomputers 
The microprocessor communicates with the display will be evident in the course of the more detailed de- 
circuitry for a brief time during vertical blanking. The 40 scription to follow. 

display circuitry includes as one component the CPU/- The interrelationship of the components illustrated in 

sequencer of the present invention. The CPU/- FIG. 1 may be better understood in the context of the 

sequencer, which has its own clock disable 10, commu- presentation of a single display on the screen of a raster 

nicates with the remainder of the display circuitry over scan display monitor during a video display. Prior to the 

an I/O bus 12 as illustrated in FIG. 1. The display cir- 45 beginning of the display presentation, during the VBLK 

cuitry carries signals over the I/O bus 12 which enable period, the game microprocessor transmits data to the 

the clock with disable 10 near the end of the vertical video display circuitry. The data may consist princi- 

blanking period. An external reset signal carried on the pally of the identities and screen locations of objects to 

I/O bus 12 enables a timing/reset circuit 14 at approxi- be displayed on the monitor screen during the forth- 

mately the same time that the clock with disable 10 is 50 coming display in accordance with the play of the 

enaoleo \ game. In other embodiments of the invention other 

Enabling of the clock with disable 10 and activation information, for example, object size and orientation, 

of the tiniing reset circuit 14 have the effect of activat- may also be transmitted. 

ing the CPU sequencer. Upon activation of the CPU Approximately 63 microsec, the time for sweeping a 

sequencer, the timing/reset circuit 14 initializes a mac- 53 single horizontal line, prior to the end of VBLK the 

ro-sequencer 16 and a micro-sequencer 18. Both the display circuitry may generate signals to enable the 

macro-sequencer 16 and micro-sequencer 18 include clock with disable 10. The clock with disable 10 then 

ROM's which are programmed. The macro-sequencer provides digital clock signals required for operation of 

ROM contains a single macro-program comprised of the CPU/sequencer. These digital clock signals are 

macro-instructions. Each macro-instruction is made up 60 generally independent of the clock signals used by the 

of the data stored at a single address in the ROM in the game microprocessor but may be synchronized with 

macro-sequencer. The macro-instructions correspond display circuit clock signals. The game playing circuitry 

roughly to "assembly" language instructions in a con- and display circuitry thereby operate independently of 

ventional digital computer as described, for example, in each other. 

Chapin, N., 360/370 Programming in Assembly Lan- 65 The clock with disable 10 provides clock signals 

guage, N.Y., McGraw-Hill, 1973, p. 15. having a period substantially shorter than the cycle time 

The ROM in the micro-sequencer contains groups of of commercially available microprocessors. The short 

micro-instructions, each group corresponding uniquely period characteristic of these clock signals is related to 
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the high speed feature of the CPU/sequencer of the ALU 22 which operates at the same rate, utilizing data 
present invention. from the I/O bus 12 and the RAM RB 20. The data in 
The display circuitry transmits its signals enabling the ROM B may be altered to conform to the needs of a 
clock with disable 10 over the I/O bus 12. The I/O bus particular game or a particular display circuit. Use of 
12 provides communication between the display cir- 5 memory other than ROM is also envisioned to be in 
cuitry and the CPU/sequencer. The display circuitry keeping with the principles of the present invention, 
also transmits an external reset signal over the I/O bus The micro-sequencer 18 and ALU 22 thereby comprise 
12 to the timing-reset circuit 14 substantially concur- micro-sequencer means responsive to the video display 
rently with the clock enabling signals. The tuning-reset data and macro-instructions including a memory con- 
circuit then generates signals used with the digital clock 10 taining a plurality of predetermined sequences of user 
signals to initialize the macro-sequencer 16 and micro- programmable micro-instructions, means for executing 
sequencer 18. The clock with disable 10 and timing- the micro-instructions in response to digital clock sig- 
reset circuit 14 thereby comprise a digital clock means nals, and a plurality of output channels for carrying 
responsive to the display circuitry for generating sig- binary data between the CPU/sequencer and the video 
nals, including digital clock signals, the digital clock 15 display circuitry and the macro-sequencer 16. 
signals having a period substantially shorter than the The ROM A memory in the macro-sequencer 16 may 
game microprocessor cycle time. also be altered to conform with the needs of a particular 
The macro-sequencer 16 responds to the initializing game or display circuit The use of memory other than 
signals by reading out to the micro-sequencer 18 data ROM in the macro-sequencer 16 is also in keeping with 
comprising the contents at a first address in a ROM A 20 the principles of the present invention. It may be seen, 
part of the macro sequencer 16. The micro-sequencer 18 therefore, that the macro-sequencer 16 compriser mac- 
responds to the data from the macro-sequencer 16 by ro-sequencer means including a memory containing 
reading out in sequence data comprising the contents at user programmable macro-instructions in a predeter- 
a first series of adjacent addresses in a ROM B in the mined sequence and readout means for reading respec- 
micro- sequencer 18. The data from the ROM B is read 25 tive groups of sequential macro-instructions in response 
out on a plurality of output channels, some of which are to digital signals, the readout means being responsive to 
connected to the RAM RB 20, some to the ALU 22, and signals from the digital clock means, 
some to the display circuitry. There are also output The components described functionally in the forego- 
channels from the micro-sequencer 18 leading to the ing example of an embodiment of the present invention 
macro-sequencer 16. 30 may be realized in accordance with the following more 

The data on the output channels to the RAM RB detailed description, 
causes the RAM RB to read out the starting position of rv ^ v u , rrM nf ^ A m v ia 
a first object in a display list written by the game micro- cuuc*. wi i n uisaol* iv 
processor. The ALU 22 then responds to the data on the As illustrated in FIG. 2A, a particular construction of 
output channels by determining whether the object is to 35 the clock with disable 10 of the embodiment utilizes a 50 
be displayed on the next, in this case the first, line of the ns. clock, input to a D flip-flop such as to pin 3 of a type 
display, utilizing video display data available on the I/O 7474 D flip-flop with clear pin 1 and preset pin 4. (In 
bus 12 from the display circuitry. The macro-sequencer FIG. 2, as in the other drawings, the initial "74" of 
16 then responds to the data on the output channels by integrated circuit numbers is omitted, as is customary in 
addressing a new address in ROM A depending upon 40 such circuit drawings). When the input to preset pin 4 is 
whether or not the first object is to be displayed. Each high, the D flip-flop with clear and preset provides 100 
address in ROM A causes the macro-sequencer to out- ns. clock pulses for the sequencer from its Q pin 5. 
put data initiating the addressing of a sequence of ad- When the preset pin 4 is in a low state, the clock to the 
dresses in ROM B. The macro-instructions in the mac- sequencer is disabled. Disabling forces the output pin 5 
ro-sequencer 16 ROM A thereby control the execution 45 of the flip-flop into a high state. The preset input is 
of sequences of micro-instructions in the micro- supplied by the display circuitry. The display circuitry 
sequencer 18 ROM B. communicates with the CPU/sequencer over the I/O 
If the first object is not to be displayed then the macro bus 12, which carries an HBLK* signal, a DMASEL* 
sequencer 16 causes the micro-sequencer 18 to continue signal, a BA5* signal, and the 50 ns. CLK input to the 
checking whether other objects in the display list are to 30 clock with disable circuit 10. The HBLK* signal is the 
be displayed on the next line. When such an object is complement of an HBLK signal from the display con- 
found then the macro-sequencer 16 causes the micro- trailer, as is indicated by the symbol in the text and 
sequencer 18 to effect a data transfer within the display the superior "bar" symbol in the drawings. The HBLK* 
circuitry and then to continue checking for other ob- is low during HBLK. The DMASEL* signal is low 
jects to be displayed on the next line until the display list 55 during VBLK; it goes high one horizontal line time 
is exhausted. The data transfer enables the display cir- (about 63.4 microseconds) before the end of a VBLK 
cuitry to draw the first line of the display in the manner following the first frame of a display and one-half a 
described in the co-pending application. horizontal line time before the end of a VBLK follow- 
When the display list is exhausted, as described, then ing the second frame of a display. The BA5* signal 
the clock with disable 10 is disabled, disabling the mi- 60 disables the clock 10, and hence, the CPU/sequencer 
cro-sequencer. The clock with disable 10 is then en- after RAM's RD and RC in the display circuitry are 
abled again at the beginning of the next line, and the loaded with all data necessary to draw the horizontal 
process of checking objects and transferring data is line beginning after the next HBLK signal, 
repeated line by tine until the display is completed. The clock circuit provides 100 ns. and 50 ns. clock 
The data on the output channels of the micro- 65 pulses for the micro-sequencer. The 100 ns. and 50 ns. 
sequencer 18 changes at the rate at which the ROM B is clock inputs are combined so as to provide time delays 
addressed, which is the rate of the digital clock signals between the operations of different portions of the mi- 
from the clock with disable 10. That data controls the cro-sequencer. 
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The 100 ns. pulses are generated, in the specific con- 
struction, by tying the negative Q* output of the D 
flip-flop to the D-tnput and clocking the flip-flop with 
the 50 ns. clock pulses from a CLK line, as illustrated in 
FIG. 2. 

A CLKmac line carries the 100 ns. pulses from the D 
flip-flop pin 5 to the timing-reset circuit 14. A 
CLKmac* signal, comprising an inverted CLKmac 
signal, is transmitted to the timing-reset circuit 14 on a 
CLKmac* line. The CLKmac* signal is again inverted 
to provide a delayed CLKmac signal, shown in FIG. 3. 

A CLKmic line carries the 100 ns. pulses to the mi- 
cro-sequencer. The CLKmic signal is taken from the 
CLKmac* line and inverted to provide a signal substan- 
tially similar to the delayed CLKmac signal. A 
CLKmicA line provides a second clock for the micro- 
sequencer. The CLKmicA line in a specific construc- 
tion may be from the output pin 4 of a NOR gate into 
which the 50 ns. CLK line and 100 ns. CLKmic line are 
inputs. The resulting positive pulses on the CLKmicA 20 
line will have approximately 25 ns. width and will rise 
approximately 75 ns. after each rise of the 100 ns. clock 
pulses. The NOR gate output is fed through an AND 
gate with input pin 2 tied high to provide an additional 
small time delay. 



10 



10 



15 



25 



TIMING-RESET CIRCUIT 14 



The timing-reset circuit 14 illustrated in FIG. 3 pro- 
vides control signals for the macro-sequencer 16 and the 
micro-sequencer 18. The delayed CLKmac line feeds an 30 
input pin 3 of a NOR-B gate which outputs to an OR-B 
gate input pin 1 on a MAC-CON line. The OR-B gate 
pin 3 outputs on a CLKadv line which provides control 
and clock signals for the macro-sequencer 16. 

The second input to the OR-B gate is a MACADV 35 
line from the micro-sequencer 18 connected to OR-B's 
input pin 2. Thus, when the output of the NOR-B gate 
is low, the CLKadv line carries the signal on the MA- 
CADV line. Conversely, when the MACADV line is 
low, the CLKadv line carries the signal on the MAC- 40 
CON line. 

The second input to the NOR-B gate on its pin 2 is a 
CLEARB line from a reset counter Qi output on its pin 
13. The reset counter Qa output on its pin 14 corre- 
spondingly controls a CLEAR A line. A synchronous 45 
4-bit Texas Instruments 74161 is used as the reset 
counter in the specific construction described herein. 

Inputs to the reset circuit comprise the CLKmac* 
line and the CLKmac line from the clock with disable 
10. The CLKmac line connects to the clock input of a D 50 
flip-flop B such as a 7474 with preset and clear and with 
the D-input pin 12 and clear pin 10 set high. A RESET* 
line from the I/O bus 12 connects to the preset pin 13 of 
the D flip-flop B. The RESET* signal goes low when 
the horizontal counter resets, that is, just prior to dis* 55 
play of the first horizontal pixel of a horizontal line, as 
explained in the concurrently filed application. 

The D flip-flop B outputs from its Q-pin 9 on a Q-line. 
The Q-line connects to the load pin 9 of the reset 

counter, and the data inputs of the counter are set to the 60 CLEARB line sets the outputs of the counter A and the 



digit on output pin 13 of the counter is carried on the 
CLEARB line to the NOR-B gate and to the macro- 
sequencer 16. The reset counter is clocked by rises on 
the CLKmac* line. 

System operation begins with a low signal of more 
than about 100 ns. duration transmitted from the display 
circuitry on the RESET* line, as illustrated in the tim- 
ing diagram, FIG. 3A. When RESET* goes low, the 
flip-flop B is disabled with its Q-output pin 9 carrying a 
low to the reset counter's load pin 9. The low on the 
Q-line disables the reset counter. The first subsequent 
rise on the CLKmac* line loads the 0001 input data into 
the reset counter causing to output a logic high on 
the CLEARA line and Qb to output a logic low on the 
CLEARB line. While Q*is low the NOR-B gate trans- 
mits a pair of 50 ns. high pulses on the MAC-CON line 
which, as will be discussed, aid in resetting the macro- 
sequencer 16. 

When RESET* transitions to a high, the next rise on 
the CLKmac line clocks the Q-line to a logic high, 
enabling the reset counter. With the Q-line high the next 
rising edge of CLKmac* causes the reset counter to be 
incremented to the count of two, binary 0010. The 
CLEARA line thereby makes a transition from high to 
low and conversely the CLEARB line makes a transi- 
tion from low to high; both transitions are substantially 
coincidental with the rising edge of CLKmac*. The 
consequent 100 ns. low on the CLEARA line illustrated 
in FIG. 3A will reset the micro-sequencer 18, as will be 
described. 

The last transition of the reset counter on the next 
rising edge of CLKmac* sets both CLEARA and 
CLEARB lines high. An AND-C gate outputs the logi- 
cal product of CLEARA and CLEARB on a 
CLEARC line to the micro-sequencer latches, thereby 
enabling those latches. At the same time the enable to 
the counter is removed by a low on the (AB)* line from 
the NAND-AB gate. The counter is thereby disabled 
and the reset cycle completed until another RESET* 
low pulse is generated. 

The CLKadv line carries whatever signal is on the 
MACADV line except during the 100 ns. positive pulse 
on the MAC-CON line. 

THE MACRO-SEQUENCER 16 

The macro-sequencer 16 in a specific construction 
comprises an 8-bit synchronous counter A, a 512x8 bit 
ROM A, and an octal D flip-flop A with clear as may be 
seen in FIG. 4. A specific construction may utilize 
Texas Instruments 74273 flip-flop and 745163 counters 
in a tandem pair and a Fairchild 93448 programmable 
ROM. 

The CLEARB line from the timing-reset circuit 14 
connects to the 8-bit synchronous counter A clear pin 1 
and the octal D flip-flop A clear pin 1. 

The CLEARB line low has a duration of approxi- 
mately 200 ns. commencing approximately 50 ns. after 
the reset counter is enabled. The low logic signal on the 



binary number 0001. The two least significant output 
digits from the counter connect to the counter's enable 
pin 7 through a NAND-AB gate. An (AB)* line con- 
nects the NAND-AB gate's output pin 6 to counter pin 

The CLEARA line also carries the signal from the 
least significant digit output pin 14 of the reset counter 
to the micro-sequencer 18. The next least significant 



flip-flop A to zero, asynchronously with regard to any 
clock input. 

The outputs of flip-flop A connect to the data inputs 
of counter A. The outputs of counter A connect to the 
65 inputs of the ROM A. The output from ROM A is 
carried to the micro-sequencer 18, to appropriate test 
circuits, and back to the inputs of flip-flop A. The out- 
puts of counter A, therefore, immediately after the 
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CLEARB line negative pulse, designate a ROM A 
address corresponding to the hexadecimal number 00. 

The clock input to the flip-flop A is a JMPMAC line 
from the micro-sequencer 18. The clock input to 
counter A is the CLKadv line from the NOR-B gate in 3 
the timing-reset circuit 14. As explained earlier, the 
CLKadv line, immediately after the negative pulse on 
the CLEARB line, carries the signals transmitted on the 
MACADV line from the micro-sequencer 18. There is 
also a MACLD line from a jump logic section of the 10 
micro-sequencer 18 to the load pins of counter A. 

Each address in the ROM A contains an 8-bit macro- 
instruction which is carried to the data input pins of a 
counter in the micro-sequencer 18 as shown in FIGS. 4 
and 5. After the micro-sequencer 18 has executed the 15 
macro-instruction it may cause a pulse to be transmitted 
on the MACADV line. In that event the counter A will 
increase its count by 1, thereby addressing the next 
greater address in the ROM A with its macro- instruc- 
tion. The macro-instructions are therefore pro gramma- 20 
ble by a user who can substitute a ROM A with pre- 
scribed macro-instructions. 

If a ROM A instruction to the micro-sequencer 18 
requires a conditional or unconditional jump to a ROM 
A address not in sequence, then the next address in 25 
sequence in the ROM A will be the jump destination. 
The micro-sequencer 18, after receiving the jump in- 
struction, increments counter A by one unit to address 
the next sequential location in the ROM A. That next 
sequential location contains the jump destination ad- 30 
dress which is bussed to the D-input of the flip-flop A. 
The micro-sequencer 18 thereupon transmits a pulse on 
the JMPMAC line which clocks the jump destination 
address onto the input data pins of the counter A. If the 
jump is to be executed then the jump logic section of the 35 
micro-sequencer 18 transmits a low pulse on a MACLD 
line which loads the destination address into the counter 
A and, thereby, onto the address pins of the ROM A, 
completing the jump. 

A flow diagram for a macro-sequencer program uti- 40 
lizable in the context of a video game with an embodi- 
ment of the invention described in the previously men- 
tioned co-pending application is shown in FIG. S. In the 
figure the **Y'* symbol represents a vertical line number 
as indicated by an appropriate subscript. The R symbols 45 
alongside the boxes indicate RAM addresses as ex- 
plained in the following examples: 

Rfl oio is the third address of any object package in 
RAM RB addressing a 16 bit word defining the hori- 
zontal position for display of the corresponding object 50 
(see FIG. 10). 

R^, Rc. Rd. respectively, denote the contents of 
RAM's RA, RB and RC. RAM RA in the display cir- 
cuitry is a register containing the current vertical posi- 
tion. 35 

Rex denotes a C-latch in the ALU section 22 of the 
CPU/sequencer. 

THE MICRO-SEQUENCER 18 

A specific construction of the micro-sequencer 18 is 60 
illustrated in FIGS. 6-1 to 6-3, arranged in accordance 
with FIG. 6-4. The micro-sequencer 18 comprises a 
logic latch 180, an instruction latch 182, a jump logic 
section 184, a counter B t and a ROM B. 

LOGIC LATCH 180 65 

The logic latch 180 in a specific construction of the 
embodiment illustrated in FIG. 6-1 comprises five D 



flip-flops with simultaneous clear and complementary 
outputs. The latch may comprise the four flip-flops of a 
first Texas Instruments 74S175 quadruple flip-flop and 
the fourth flip-flop of a second such quadruple, as illus- 
trated in the figure. The outputs of the logic latch con- 
trol the sequencing of operations of the micro- 
sequencer 18 and macro-sequencer 16. The MACADV 
line also carries an output from the logic latch 180. 

The CLEARC line connects to the clear pins 1 of the 
logic latch 180. When the CLEARC line is low, as 
occurs after RESET* is set low, the logic latch 180 is 
cleared thereby inactivating the system. 

The logic latch 180 is clocked at its clock pins 9 by 
the CLKmicA line from the clock with disable circuit 
10. The input data for the latch are S bits of data from 
ROM B. The specific construction illustrated outputs 
eight bits of data from the logic latch 180, making use of 
the complementary outputs. The following set of sig- 
nals comprises the data latch output: 



LMICB* JTYPE* 

JMPCOND LMAC 

JMPCOND* LMAC* 

JTYPE MACADV 



A "logic instruction", therefore, may be described by 
specifying the five bits: MACADV, LMAC, JTYPE, 
JMPCON, LMICB*, in the order just listed, the logical 
complements being implied. 

INSTRUCTION LATCH 182 

The instruction latch 182 in the specific construction 
illustrated in FIG. 6-1 comprises nineteen D flip-flops 
with simultaneous clear. The instruction latch 182 is 
also cleared by the CLEARC line and clocked by the 
CLKmicA line. The latch may comprise a pair of Texas 
Instruments 74S374 octal flip-flops and the three flip- 
flops of the second 74S17S not used by the logic latch 
180. 

Input to the instruction latch 182 is the 19 least signifi- 
cant bits of output from ROM B. Some of the latch 
outputs connect to the arithmetic section 22. The re- 
mainder comprise the interface lines between the high 
speed CPU/sequencer and memory units in the display 
circuitry controlled by the high speed CPU. 

There are nine output lines from the instruction latch 
182 that control the game circuitry memory units in the 
specific construction described in the concurrently filed 
application. 

Denoting the octal flip-flops as 1, 2, and 3, the nine 
game control lines comprise RDR20, RDR21, and 
RDR22 lines from pins 1-15, 1-16, and 1-17 address the 
3 least significant address bits of RAM RB in the gen- 
eral purpose controller circuitry through a first l-of-2 
address multiplexer in the controller (FIO. 7-1). The 
RAM RB is shared by the high speed CPU/sequencer 
and the game control microprocessor. 

An R2SEL* line from pin 2-2 connects to two A- 
input data pins of a second l-of-2 quadruple multiplexer 
in the general purpose controller (FIO. 7-1). The corre- 
sponding two outputs of the quadruple multiplexer 
enable the output of RAM RB when the R2SEL* line is 
low and the A-inputs to the second multiplexer are 
selected by the color controller logic. 

An R4RD*-line from pin 2-6 and an R4WR*-line 
from pin 2-12 enable the reads and writes, respectively, 
of RAM RD in the general purpose controller. An 
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R3RD* and R3WR*-line from pins 3-10 and 2-19, re- viewed as containing micro-instructions. The output of 
specuvely, similarly enable the read-writes of RAM ROM A at the time of the low pulse on the MICLO line 
RC An RlSEL*-line from pin 2-15 is used to enable designates the initial ROM B address with its micro- 
RAM RA. An ADVPAC line from pin 3-7 is used to instruction in the sequence of micro-instructions. Each 
enable the control CA in the display circuitry, as also 5 initial ROM B address is therefore properly viewed as a 
^^S^ SSf/Jilf ^ISSSi . macro-instruction in the ROM A memory. The micro- 
^ n < $ '3 ♦ *k ; ^ Actions are therefore programmable by a user who 

SL«h^ a V f g Tr , PU ^r can substitute for ROM B a ROM with other prescribed 

through the A m ^ 0 f 1 f _ 2 blc : mulUplewr microinstructions. 

shown in FIG. 7-1. The A-inputs are selected when the in ta e ~*m~ d^w u • _ 

horizontal blanking signal in the general purpose con- l ° C0 ^ tio "! lOM * «*" P™* three 

troller is off. The B-inputs, which are set to enable the FairC ^ , 93448 . j™,???^ 1 * me ™ n <* 
RAM RC and RAM RD to read out, are selected dur- ca8C ? lcd to P ™^* 1 **??!} "V**** 1 ™**™™ 
ing horizontal blanking. m shown M ROM *' ROM ROM 3 in FIG. 6-1, 

The remaining 10 bits of output from the instruction ,« V* e five 111031 *Snificant bits constitute the input data to 
latch 182 control the arithmetic section 22. These bits ~ logIC ^tch ISO. The remaining 19 bits constitute 
(and pin numbers) are designated INSTO (1-2), INST1 ""put to instruction latch 182. Because the 
(1-5), INST2 (1-6), INST3 (1-9), INST4 (M2) f ROM B outputs 24 bits simultaneously, under control of 
RALAT (2-16), RBLAT (2-19), RCLAT (3-2), and ROM A, the CPU/sequencer may be considered to be a 
RCSEL* (2-5). ^ 24 bit microprocessor. 

JUMP LOGIC SECTION 184 INPUT RAM RB 

The logic latch 180 outputs to the jump logic section In the display circuitry described in the concurrently 

184 as illustrated in FIG. 6-3. The jump logic section filed application, the input RAM RB is a shared mem* 

184 also receives inputs from the ALU arithmetic sec- ^ orv utu ^d by both the high-speed CPU/sequencer and 

tion 22 on an EQ or JMPZER line and a MINUS line. the remainder of the display circuitry. The sharing is 

The MACLD line is an output from the jump logic effected by an address multiplexer as described in the 

section 184. It will be recalled that a low pulse on the concurrently filed aplication and illustrated in FIG. 7-1. 

MACLD line loads counter A with a destination ad- A DMASEL line from the input section of the display 

dress for a jump. The logic section causes the MACLD „ circuitry that is the complement of the DMASEL* line 

line to go low only if LMAC is high, and also; described earlier selects either the A or B inputs of the 

lUDTrtMn n. address multiplexer. The DMASEL line goes high at 

JMPCOND-0; or <|) ^ ^g^ng of ^ gQCS j QW one Qr Qne . hal f 

jmpcond- i and cither (2) *K»*«»taI line time before the end of VBLK preceding 

33 the first or second frame, respectively, of a display. 
jtyp=* i and jmpzer or eq= i, or (2b) The B-inputs of the address multiplexer are fed by an 

address bus from the game microprocessor. The game 
jtyp=o and minus^ i (2c) microprocessor in the specific construction provides 

address data to the address bus during vertical blanking 
40 of the video output The DMASEL line therefore se- 
The logic section also controls a MICLD line which lects the B-inputs, by going high at the beginning of 
disables and loads counter B whenever the line goes vertical blanking. The A-input is selected, just before 
low. The MICLD line is low whenever and during each vertical sweep. When the B-input is 

i Mim* i aruH n ca d a a. . selected the game microprocessor provides input data 

LMICB . 1 and CLEARA=0; or (J.) ^ to ^ ^ ^ of RB ^ y^ttd in FIG. 7, 

lmicb*=o and cleara = i (3b) thereby causing RAM RB to write game data into its 

memory. 

The Ave most significant digits of the A-inputs to the 
It will be recalled that the CLEARA line is normally *dd«$s multiplexer are addressed by the output of a 
high. The LMICB* line is normally high. 30 control CA counter in the control A section of the 

display circuitry as shown in FIG. 7-1. This counter is 
COUNTER B AND ROM B enabled during active video trace and disabled during 

The counter B is clocked by the CLKmic lines and horizontal blanking. The counter is clocked by high 
loaded by the MICLD line as described earlier and signals on the ADVPAC line from the micro-sequencer 
illustrated in FIG. 6-2. The input pins of counter B are S3 M> each low/high transition incrementing the counter 
connected to the output pins of ROM A in the macro- ov one - Th e three least significant bits of the A-inputs 
sequencer 16 as shown in the figure. A low pulse on the are » m order of increasing significance, the signals 
MICLD line therefore loads the contents of a ROM A RDR20, RDR21, and RDR22 from the micro- 
address into the counter B. At the end of the low pulse sequencer 18. Thus, for each count of the control CA 
the counter B then counts upward on each rise of the 60 counter, incremented by ADVPAC signals, the RDR 
signal on the CLKmic line. signals may address eight adjacent words of memory in 

In a specific construction, the counter B comprises a RAM RB. 
pair of 74S163 or 74LS163 synchronous 4-bit counters In the specific construction, RAM RB comprises 2 
cascaded to count from 0 to 51 1 in binary. pair of Fairchild 93422 random access memories. Each 

The output of counter B is connected to the address 65 pair is cascaded to provide 256 eight-bit words of mem- 
pins of ROM B. Each low pulse on the MICLD line ory for input from the microprocessor. The two pair are 
therefore causes the counter to begin addressing a se- cascaded to provide for 256 16-bit words of output 
quence of ad jacent addresses in ROM B which may be under control of the micro-sequencer 18. 
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When the DMASEL line signal selects the A-input of 
the address multiplexer it also selects the A-inpuls of a 
quadruple multiplexer shown in FIG. 7-1 which is also 
part of the display circuitry. Two of the A-inputs are 
pulled up to disable the write mode of the RAM RB. 3 
The other two inputs are connected to the R2SEL* line 
from the micro-sequencer 18; the corresponding out- 
puts connect to the output enable of RAM RB. Thus, 
when DMASEL selects the A-inputs of the two multi- 
plexers and R2SEL* is low, RAM RB outputs the 16- 10 
bit word addressed through the address multiplexer. 
When R2SEL* is high, and A-inputs, selected, the 
RAM RA outputs are at high impedance, and, there- 
fore, inactive. 15 

When the DMASEL line signal does not select the 
A-inputs it necessarily selects the B-inputs which are 
under the control of the game microprocessor, as al- 
ready described. 

The 16 bits of output of RAM RB are carried on the 2 q 
I/O bus to the arithmetic section 22. 

ARITHMETIC SECTION 22 , 

The arithmetic section 22 in the specific construction 
comprises an arithmetic-logic ALU and an A-latch, a 25 
B-latch, and a C-latch, as illustrated in FIGS. 8 and 9. 
FIGS. 8-1, 8-2, and 8-3 are related as shown in FIG. 8-4. 
The latches connect to the I/O bus, as shown in the 
figures. 

The ALU may include four cascaded 74181 arithme- 30 
tic logic units/function generators and a 74182 look- 
ahead carry generator such as are available from Texas 
Instruments, Inc. The function terminals of the ALU 
receive the signals INST 0, INST 1, INST 2, INST 3, 
and INST 4, from the instruction latch 182, and a CN 35 
signal generated by a logic gate described in connection 
with system operation. The A-input terminals of the 
ALU comprise 16 bits of data passed from the I/O bus 
through the A-latch. The B-input terminals comprise 16 
bits of current data from the B-latch. The 16 bits of 40 
output from the ALU are carried to the I/O bus 
through the C-latch. 

A separate output activates the EQ line to pin 10 of a 
NOREQ gate shown in FIG. 9, setting the EQ line high 
when the A- and B- inputs are equal. The EQ line other- 45 
wise carries a low logic signal. 

The A-latch is clocked by signals on the RALAT line 
from the micro-sequencer 18, the B-latch by signals on 
the RBLAT line, and the C-Iatch by signals on the 5Q 
RCLAT line. The A-latch and B-latch in the specific 
construction each include a pair of octal D flip-flops 
such as Texas Instruments SN746S273's with clear 
pulled high. 

The C-latch may include a pair of Texas Instruments 55 
SN746S374 octal D edge-triggered latches clocked by 
the positive transitions on the RCLAT line. The output 
of the C-latch is controlled through a CENABLE line, 
which may place the outputs in either a normal logic 
state (high or low) when reset is high or in a high impe- $0 
dance state when reset is low. The CENABLE line in 
the specific construction comprises the output of an 
OR-C gate with the HBLK line from the I/O bus and 
the RCSEL line from the instruction section 182 as 
inputs. The HBLK line is high during horizontal blank- 65 
ing. 

The output from the C-latch is carried over the I/O 
bus to the input pins of a RAM RD. 
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SYSTEM OPERATION 

A sample program in the macro ROM A is described 
by the flow chart in FIG. 5, which is appropriate to the 
specific construction of the display circuitry described 
in the concurrently filed application. Each instruction 
word in ROM A is a macro-instruction referring to an 
address in ROM B where the micro-program corre- 
sponding to the ROM A macro-instruction is stored, as 
already explained. 

INITIAL CONDITIONS 

The CPU/sequencer is disabled during substantially 
all of vertical blanking, except for approximately one 
line time before the end of a vertical blank period when 
active video begins. The transfer of data for the first 
horizontal line to the video generator is thereby accom- 
plished prior to the display of the first horizontal line of 
a frame. A high signal on the DMASEL* line from the 
display circuitry enables the clock with disable 10. 

The clock was previously disabled by a low applied 
to the preset pin 4 of the clock flip-flop, as already 
described. The low resulted when the logical product 
(HBLNK*) (DMASEL*) (BA5*) was zero. The 
HBLNK* line goes low during horizontal blanking; 
DMASEL* goes low during vertical blanking prior to 
vertical counts 254.5 and 510.5, as applicable; and BA5* 
goes low when the CPU/sequencer has completed all 
data transfer preparatory to displaying a horizontal line 
after the next HBLK. 

The RESET* line carries a low pulse on each 634th 
horizontal count, at the end of horizontal blanking. 
These low pulses insure that the timing-reset circuit 14 
clears out previous data prior to calculating the next 
line information. The RESET* also clears the logic and 
instruction latches 180 and 182, thereby guaranteeing 
the correct instruction sequence. The start of the low 
pulse on RESET* commences the reset cycle. 

Upon commencement of the reset cycle, the 
CLEARA line from the timing-reset circuit 14 shown 
in FIG. 3 goes from high to low for about 100 ns. and 
then back to high, where it remains, as already de- 
scribed, and as shown in the timing diagram, FIG. 3A. 
The CLEARB line, it will be recalled, carries a 200 ns. 
low just prior to the low on the CLEARA line. The 
CLEARB low begins about 50 ns. after the start of the 
reset cycle. 

The CLICadv line carries a signal satisfying the logic 

CLK«dv = (CLEARS + Delayed 
CLKmac)* + MACADV (4) 

The MACADV line is low because it is an output from 
a cleared latch. The delayed CLKmac line follows the 
CLKmac signal with a delay of about 12 ns. The 
CLEARB line makes its transitions on the rising edge of 
the CLKmac* pulses. The CLKadv line, as a result, 
carries two approximately 50 ns. high pulses with lead- 
ing edges spaced 100 ns. apart, the first occurring about 
75 ns. after the start of the reset cycle, also as shown in 
FIG. 3A. 

The CLEARB line transmits its 200 ns. low to the 
clear pins 1 of the counter A. The leading edges of the 
CLKadv 50 ns. high pulses, which immediately follow 
the CLEARB line low, clock the counter pins 2 and 
thereby clear the counter A. Counter A, as a result, 
addresses word number 00 in ROM A. Counter A is 
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thereby cleared about 175 ns. after the start of the reset 
cycle as may be seen from FIG. 3A. 

The CLEARB line also transmits its 200 ns. low to 
the clear pin 1 of latch A, causing latch A to output 
zeros to the data inputs of counter A. The output from 
ROM A's 00 address is meanwhile on the data input pins 
of counter B at about the time counter A is cleared. The 
same data is also fed back to the data input pins of latch 
A. At the end of the CLEARB 200 ns. low, approxi- 
mately 75 ns. after counter A is cleared, latch A be- 
comes enabled and is outputting logical lows to the data 
input pins of counter A. 

The CLEARC line is low for 300 ns. while either 
CLEARA or CLEARB is low. The CLEARC low is 
applied to the clear pins 1 of the logic latch 180 to clear 15 
the logic latch 180. The CLEARC low is also inverted 
and applied to the output control pins 1 of the instruc- 
tion latch 182, thereby causing the 74S374 output pins 
to present high impedance to the output lines. When 
CLEARA goes high again, CLEARC does so also, and 
the logic and instruction latches 180 and 182 are enabled 
approximately when counter A is enabled. 

When the logic latch 180 is cleared, the LMICB* line 
from a complementary output in the logic latch 180 
goes high. The MICLD line, which is the logical prod- 
uct of LMICB* and CLEARA carries the CLEARA 
low followed by a high to the load pins 9 of counter B. 
The first CLKmic rise during the low then loads 
counter B with the data on its data pins, namely the 
output from the ROM A 00 address as is indicated in 30 
FIG. 3A. This event occurs about 325 ns. after the start 
of the reset cycle. Counter B then addresses a location 
in ROM B designated by the contents of the ROM A 00 
address. The output from ROM B is thereby placed on 
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TABLE 1 -continued 



Line 



JTYPE 

JMPCOND 

LMICB 

RJRO' 

ADVPCX 

RCLAT 

RBLAT 

RALAT 

RISEL 

R4WR» 



Hex 

Digit 



Line 



RCSEL 

R2SEL* 

RDR22 

RDR21 

RDR20 

INST4 

INST3 

INST2 

INST1 

INSTO 



Buiarv 

rx 

) 
} 



Hex 
Digit 



20 



The most significant half-bytes, or hex digits, of the 
sequence 241E06, A4DE06, and 2D3F06 form the se- 
quence 2-A-2. The sequence 2-A-2 corresponds to a 
jump on the MACADV line, thereby incrementing 
counter A. Counter A, as a result, outputs a 01 after the 
second micro-instruction which in turn addresses the 01 
address in ROM A. ROM A thereupon outputs the 
contents of its 01 address to the address terminals of 
ROM B. 

The LMAC line stays low during the Hex sequence 
25 2-A -2. Reference to Eq.(l) shows that the consequence 
is to keep Counter A in an active state because the 
MACLD line to the counter load pins stays high. The 
low on LMAC keeps the jump logic section 184 unre- 
sponsive to the JTYPE and JMPCOND line settings. 

The 4-4-D sequence in the neXt most significant set 
of hex digits corresponds to jumps in LMICB and 
RCLAT on the third micro-instruction. The LMICB 
jump causes LMICB* to go low according to Eq. (3), 



. . thereby loading the output of ROM A into counter B. 

the input pins of the logic and instruction latches 180 35 The jump on the RCLAT line clocks the C-latch in the 

and 182. Approximately 25 ns. after counter B is loaded arithmetic section 22, causing the C-latch to store the 

CLEARA goes high and the counter is enabled. output of the ALU. 

Approximately 50 ns. after counter B is loaded the The sequence l-D-3 in the third hexadecimal digit 

heading edge of the next positive pulse on the indicates deselection of the RAM RD write mode 

CLKmicA uwclocks the ROM B output (designated « throughout the instruction. (It will be seen that the 



by the ROM A 00 address) into the logic and instruction 
latches 180 and 182. 

The CPU/sequencer at this point has initiated execu- 
tion of the programs in ROM A and ROM B. 

PROGRAM EXECUTION 
First Instruction 

Program execution may be understood by following 
the initial steps described in FIG. 5 in detail, with refer- 
ence to Tables 2 and 3. 

The ROM A 00 address, in the specific construction, 
contains the binary code for the hexadecimal number 
08. 

Address 08 in ROM B contains the start of a sequence 
of three instructions for comparing two numbers. The 
three instructions may be represented by their heXadec- 
imal equivalents as 241E06, A4DE06, 2D3F06. 

ROM B outputs to the logic and instruction latches 
180 and 182 as already described. Each six digit hexa- 
decimal number addresses 24 bits of output according to 
the scheme in Table 1, using instruction 241E06 as an 
example: 

TABLE 1 



45 



50 



55 



60 



Line 



Binary 
Digit 



Hex 

Digit 



Line 



Binary 
Digit 



Hex 
Digit 



65 



MACADV 
LMAC 



RJWR» 
R4RD* 



sequence E-E-F in the fourth digit leaves RAM RD 
de-selected in any event). The low on RISEL* on the 
first two instructions enables the register RA in the 
display circuitry, causing the register to put the current 
vertical count on an I/O bus during those two instruc- 
tions. The high on RISEL* on the third micro-instruc- 
tion isolates register RA from the I/O bus at that time. 

The RALAT and RBLAT lines go high on the sec- 
ond instruction, clocking the A- and B-latches. The 
B-latch latches the current vertical count from the I/O 
bus, putting that count on the B-inputs of the ALU. The 
A-latch latches data from the I/O bus comprising the 
vertical position of an object that is to be represented on 
the screen. The vertical position data is placed on the 
I/O bus by RAM RB. That vertical position is fed to the 
A-inputs of the ALU by the A-latch. The result of the 
arithmetic operation performed by the ALU then ap- 
pears at the input terminals of the C-latch prior to exe- 
cution of the third instruction. 

The result of the arithmetic operation is then latched 
into the C-latch by the third instruction, as previously 
described. 

The sequence E-E-F in the fourth digit keeps the 
RAM RC write disabled as well as RAM RD de- 
selected. The C-latch remains selected in readiness for 
the latching operation in the third instruction. After 
latching, the C-latch output is on the I/O bus. 
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Meanwhile, the sequence 0-0-1 on the R2SEL* line tion with an SN74182 full carry look-ahead circuit, 

enables the 16-bit output of RAM RB during the first using active high data. 

two instructions and puts that output on the input termi- The foregoing explanation shows that the result of 

nals of the A-Iatch; the output is latched into the A- th e macro operation corresponding to the instate- 

latch on the second instruction, as already described. 5 tion m tne RQM A qq ^ to 

The sequence 000 in the fifth digit insures that only (1) subtract ^ des ired vertical position from the 

tte first word in each object package is placed ^on the CUfrent vertical ition m ^ first object paclcagc m 

I/O bus, and that the ALU performs in the arithmetic « a w d a j r o 

mode ivAJw ka> 

m As C 'has been explained, the input RAM RB is a 10 (2) store the result in the C-latch. 
256 X 16 RAM in the specific construction described ( 3 > commence executing the macro program begin- 
herein. The 256 words of storage are partitioned into 32 ™ng * *AM A address 01 which is implemented by the 
object packages, as shown in FIG. 10. The micro- micro program beginning at RAM B address 18. 
processor outputs 8 parallel binary bits and therefore tumps 
sees RAM RB as a 512X8 RAM, as indicated on the left 15 -luwira 
side of the figure. The even numbered 8-bit words are in The third macro-instruction at RAM A location 03 is 
a RAM EB, the odd numbered 8-bit words are in a a conditional jump which exhibits additional features 
RAM OB. The CPU/sequencer sees only a single RAM related to the invention. The micro-instructions starting 
RB, as indicated on the right side of FIG. 10. A counter at RAM B location 10 may be written as 
in a control CC of the display circuitry addresses the 5 20 B43FE6 
most significant bits of the RAM RB address input on 743FE6 
lines BA0 to BA4, shown in FIG. 7-1. Each count of the F43FE6 
control CC counter thereby addresses one of the 32 OC3FE6 

package locations within the RAM. The three least . . _ A A . . *u * « ■» a «• 

s^nificant bits of the 8-bit address input designate one 25 ™ c n^taiost 4 digits show that all RAM's are dis- 

of eight 16-bit words within each object package. Thus, f*" A ™ ™ntaiu* to output the difference 

on any given count of the counter CC the CPU/- between the desired vertical position of the first object 

sequencer can address only the eight words of a single tnc current vertical count 

object package. RAM RB may also be a 128 X 16 RAM The sequence B-7-F-0 in the first digit correspond to 

containing 16, instead of 32, object packages, or any 30 jumps on the MAC AD V line at the beginning of the 

other convenient number permitted by the speed of the first and third instructions and a high on the LMAC line 

CPU/sequencer. during the second and third instructions. The JTYPE 

The information in each object package is as shown and JUMPCON lines are high for the first three instruc- 

schematically in FIG. 10. The first word in each pack- tions and low on the fourth. 

age is the vertical position of the top of the rectangular 35 The first MACADV jump clocks counter A so that it 

frame containing the object to be displayed. Thus when now outputs 04. On' the first instruction the high on the 

the R2SEL* enables RAM RB to read, in the present JMPCOND line enables the logic circuit in accordance 

example the package read will be determined by the with ^ (l) From ^ 2(b) u ^ m ^ 

state ^ the control CC counter The word witlun the MACLD will go low if JMPZER or EQ are high, 

pacfcige will be determined by the state o^ 40 Meanwhi|e> ^ ^ on ^ LMAC line ^ clock ^ 

RDR22, and RDR23, in order of increasing signifi- w , A . . 4 A . A ^ ,»^w A 

cance, which address the three least significant bits of la * h £ ^ U is outputUng the contents of ROM A 

the RAM RB address, as shown in FIG. 7. ^ dress "f^* "i 1 !* 5 "^Jf* Iatch A 

The control CC counter in the display circuitry is data If JMPZER or EQ arc high, therefore, 

clocked by rises on the ADVPAC line, as described in 45 contents of ROM A address 04 are loaded into 

the concurrently filed application. In the present exam- counter A by the MACLD low and the second rise on 

pie the counter reads 00000 (binary) and consequently tne MACADV LINE. The contents of ROM A address 

addresses the first object package. Also, the three RDR 04 thus comprises a jump destination address within 

lines addressed by the three most significant bits of the ROM A. 

fifth digit are all zeros, corresponding to the first word 50 If JMPZER and EQ are not high then the second rise 

in the object package, the vertical position of the object. on the MACADV line merely clocks counter A so that 

That word has, as already explained, been placed on the the 05 address in ROM A is addressed. The first three 

A-input terminal of the ALU. members of the B-7-F-0 sequence thereby comprise a 

The high on the R2SEL* line during the third in- «j ump if instruction. The fourth member then 

struction disables RAM RB. 55 inact i V ates the logic circuit. 

The 4th bit (Inst4) designates the ALU's mode, high The ^ 4^4^ m ^ di ^ t reprcsents a 

corresponding to log:c and low corresponding to anth- fourth ^cro-uistruction low on the LMICB* line. That 

metic. In the present example, therefore, the ALU ism , 1 j . . * - . _ - 

the arithmetic mode. ^loa*the W 

The sixth digits comprise the last 4 instruction bits. 60 . J um P tf dcc,8 ? on J*" made. The end result 

The sequence 6-6-6 controls the ALU and, in the spe- 18 ^P lf e< l ual ' instruction determines 

cific construction described, causes it to output the whether the contents of ROM A address 05 or the con- 

difTerence of the B and A inputs corresponding to the tents of the jump destination address is to be loaded into 

arithmetic operation B-A. counter B by the low on the LMICB* line. Counter B 

Other arithmetic instructions may be obtained from 65 w *ll then cause the designated sequence of micro- 

the manufacturer's tables for the ALU. The present instructions in ROM B to be executed, 

description is based upon the use of four cascaded Texas TABLE 2 shows the sequence of ROM A instruc- 

Instruments SN7418J arithmetic units used in conjunc- tions corresponding to the flow chart in FIG. 5. 
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CONTENTS OF ROM A 



ROM A 


urv 
X1CA 


ADDRESS 

fX U I_S.IV EOJ 


rN**TR I IfTlAM 


00 


03 


01 


13 


02 


0B 


03 


10 


04 


0D 


n< 
U5 


38 


06 


IS 


07 


It 


08 


20 


09 


00 


OA 


00 


0B 


00 


OC 


00 


0D 


30 


0E 


28 


OF 


00 


10 


00 


11 


40 


12 


00 


13 


00 



TABLE 3 shows the contents of ROM B, in the 
hexadecimal notation previously illustrated, for imple- 
menting the instructions in the flow chart. 

TABLE 3 



CONTENTS OF ROM B 



ROM B 
ADRESS 


ROM 

3 


ROM 

2 


ROM 
I 




000 


A4 


3F 


FF 


Jump Unconditional 


001 


64 


3F 


FF 


with Packet Increment 


002 


E6 


3F 


FF 




003 


2C 


3F 


FF 




008 


24 


IE 


06 


Rl - RflOOO— Rc 


009 


A4 


DE 


06 




00A 


2D 


3F 


06 




010 


B4 


3F 


E6 


Jump If Equal 


on 


74 


3F 


E6 




012 


F4 


3F 


E6 




013 


OC 


3F 


E6 




0)8 


94 


3D 


E6 


Jump If Minus 


019 


54 


3D 


E6 


01A 


D4 


3D 


E6 




01 B 


2C 


3F 


E6 




020 


24 


3F 


FC 


Write All One's to Rq 


021 


A5 


29 


FC 


022 


20 


29 


FC 




028 


24 


3E 


7A 




029 


24 


7E 


7A 




02A 


A3 


3B 


7A 




02B 


2C 


29 


7A 




030 


24 


3E 


5F 


RflOll^ Rc 


031 


AO 


36 


5F 


032 


2C 


3E 


3F 




038 


24 


3C 


26 


Rc - R«x)i-* Rc 


039 


A4 


FC 


26 


03A 


2D 


3F 


26 




040 


24 


3A 


89 


Ro + Rflioo-* Rd 


040 


24 


3A 


89 




041 


24 


FA 


89 




042 


A3 


2B 


89 




043 


2C 


E9 


89 





10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



The foregoing discussion has been directed to an 
application of the high speed CPU/sequencer to a gen- 
eral purpose video controller. 60 

It will, of course, be understood that modification of 
the present invention in its various aspects, as well as 
other applications, will be apparent to those skilled in 
the art, some being apparent only after study and others 
being a matter of routine design. For example, it is not 65 
a necessary feature of the present invention that a 
CPU/sequencer such as the one described herein be 
used with the particular display circuitry exemplified in 



the preceding description. Other components than 
those described may also be used consistently with the 
principles of the present invention. As such, the scope 
of the invention should not be limited by the particular 
embodiment and specific construction herein described, 
but should be defined only by the appended claims and 
equivalents thereof. 
What is claimed is: 

1. In a system providing a video graphic presentation 
having an input memory for receiving data from a first 
processor for each frame of the presentation and means 
responsive to said data for displaying a plurality of 
objects on a display having a plurality of horizontal 
scan lines, the data for each frame identifying the ob- 
jects to be displayed and the locations of the objects on 
the display, a display processor for controlling the 
transfer of the data from the input memory to the dis- 
play means to allow the first processor to operate inde- 
pendently of the display control comprising: 
timing means responsive to said display means for ini- 
tializing the display processor immediately prior to 
the display of a frame; 
a macro-sequencer means for storing a plurality of mac- 
ro-instructions, said macro-sequencer means reading 
out a first macro-instruction stored therein in re* 
sponse to initialization by the timing means; and 
a micro-sequencer means for storing a plurality of mi- 
cro-instructions addressable by the macro-instruc- 
tions read out by the macro-sequencer means, a series 
of said micro-instructions being executed in response 
to each macro-instruction received from the macro- 
sequencer means and including: 
means responsive to said first macro-instruction and 
the display means for determining whether an ob- 
ject stored in the input memory is to be displayed 
on the next horizontal scan line; and 
means for addressing the macro-sequencer means to 
read out a second macro-instruction if the object is 
to be displayed on the next scan line, said micro- 
sequencer means being responsive to the second 
macro-instruction to transfer data from the input 
memory to the display means. 

2. The system of claim 1 wherein the display includes 
a vertical blanking period between the display of suc- 
cessive frames and the first processor transfers data to 
the input register only during that period. 

3. The system of claim 2 wherein said timing means is 
enabled near the end of the vertical blanking period. 

4. The system of claim 1 wherein the macro- 
sequencer instructions are user programmable. 

5. The system of claim 1 wherein the micro-sequencer 
instructions are user programmable. 

6. The system of claim 1 further including a plurality 
of output channels coupled to the micro-sequencer 
means, the micro-sequencer means outputting data on 
each of said channels simultaneously. 

7. The system of claim 1 wherein said timing means 
provides clock signals having a shorter period than the 
cycle time of said first processor. 

8. In a system providing a video graphic presentation 
having an input memory for receiving data from a first 
processor for each frame of the presentation and means 
responsive to said data for displaying a plurality of 
objects on a display having a plurality of horizontal 
scan lines, the data for each frame identifying the ob- 
jects to be displayed and the location of the objects on 
the display, a display processor for controlling the 
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transfer of the data from the input memory to the dis- a 
play means to allow the first processor to operate inde- 
pendently of the display control comprising: 
timing means responsive to said display means for 3 

initializing the display processor immediately prior 

to the display of a frame; and 
a logic unit responsive to the display means and data 

from the input memory for determining whether an 

object is to be displayed on the next horizontal scan 10 

line; 

a macro-sequencer means for storing a plurality of 
macro-instructions, said macro-sequencer means 
reading out a first macro-instruction stored therein j 5 
in response to initialization by the timing means; 
and 

20 



25 



30 



35 



40 



45 



50 



55 



60 



65 
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micro-sequencer means for storing a plurality of 
micro-instructions addressable by the macro- 
instructions read out from the macro-sequencer 
means, said micro-instructions including a first 
micro-instruction output to the input memory to 
cause the input memory to read out the location 
data for a first object ot the logic means, a second 
micro-instruction output to the logic means to 
cause the logic means to determine whether the 
first object is to be displayed on the next scan line, 
and a third micro-instruction output to the macro- 
sequencer in response to a determination that the 
first object is to be displayed on the next scan line 
to cause the macro-sequencer to read out a second 
the second macro-instruction to transfer data from 
the input memory to the display means. 
* • ♦ • » 
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